Abstract. The aim of this work is to study the effect of thickness and type of bullet in impact test on structures made from a composite material. The composite material used in this study was Glass Fibre Reinforced Polymer (GFRP). This material was fabricated to produce laminated plate specimens with dimension of 100 mm × 100 mm and 6, 8, 10, and 12 mm thickness. The impact test was performed using a Single Stage Gas Gun (SSGG) with blunt, hemispherical, and conical types of bullets. The gas gun pressure was set to 5, 10, 15 and 20 bar. In the tests, gas gun pressure, bullet type and specimen thickness were varied to ascertain the influence of these parameters on the materials' response. The relation between impact force with gas pressure, type of bullets and specimens thickness are presented and discussed. The best thickness for GFRP was identified according to the impact results. From the impact tests conducted, it was found that at the same amount of pressure, the higher the thickness, the bigger the impact force because as the specimen thickness increases, the amount of impact force absorbed by the specimen is higher.
Introduction
A composite material is defined as a combination of materials which has one or more different elements, which when combined together produce a material which is strong, stiff, tough and more durable than each individual element. During the last decades, the application of composite materials has become increasingly popular especially in aerospace structures. Composites have been used since the mid-1990s in military aircraft and are now being developed for commercial aircraft applications as well [1] [2] [3] [4] . These materials can be of great benefit to aviation, as lighter materials translate into lower fuel consumption and higher performance of aircraft. It is the most economical choice based on the cost of material, production cost, life cycle cost, and material properties. Three major categories of composites are polymer matrix composites, metal-matrix composites and ceramic-matrix composites [1] . This study focuses on a polymer matrix composites, also known as fibre reinforced polymer. A fiber-reinforced composite material is a structural system comprising of a matrix of one type of material, reinforced with a fibrous form of another material. The composite material chosen in this research is Glass Fibre Reinforced Polymer (GFRP). GFRP has been widely used throughout the structure of large civil aircraft due to their high specific strength, stiffness and good fatigue resistance. GFRP also has light weight with the ability to resist heavy loads and supply excellent resistance to impact [3] [4] .
Previous research had investigated the penetration and perforation of Fibre Reinforced Polymer (FRP) laminates using flat-faced, hemispherical ended, conical-tip and truncated-cone-nose projectiles in high velocity impact [5] . Previous studies also shows that energy absorption in thin GFRP targets is largely independent of the nose type of the bullet used where thin GFRP and Kevlar targets responded similarly on a thickness basis to impact by fragment simulating projectiles [6] [7] [8] [9] . In this study, a sequence of impact tests has been performed on GFRP of four thicknesses with four different compression pressures of a gas gun. Three different bullet types were used for the impact tests which were blunt, hemispherical, and conical. The specific objective was to examine the correlation between the impact force with the plate thickness and the bullet types corresponding to different gas pressures and velocities.
Experimental work
Specimen Preparation. Glass Fibre Reinforced Polymer (GFRP) was chosen for this research. Initially, four large panels were produced with dimensions 0.5 m × 0.5 m. For this experiment, the specimens were prepared using the traditional hand lay-up technique. GFRP thickness per ply was approximately 0.25 mm. 25, 33, 41 and 49 layers of GFRP were used to obtain 6, 8, 10, and 12 mm thicknesses in which all layers were oriented in the same 0 ͦ direction. The epoxy and hardener used were from types Zeepoxy HL002TA and Zeepoxy HL002 TB which have low viscosity that allows easy handling and gives good wetting of reinforcements. The process of preparing the compound was based on a 2:1 ratio; which is 2 portions of epoxy to 1 portion of hardener. The curing process was carried out at room temperature for 48 hours. Weight was distributed evenly throughout the composite to get smooth surface plates. Each panel was then cut into 9 specimens with dimensions of 100 mm ×100 mm using a diamond saw. A total of 144 specimens were being fabricated and used for the impact test. High Velocity Test. The impact tests were carried out using a Single Stage Gas Gun (SSGG) as shown in Fig. 1 . The clamping unit as shown in Fig. 2 . provides room for holding the specimen to be tested. The specimen was clamped between two steel frames. The bullet was strike at the centre of the specimen. The pressure reservoir unit consists of a cylindrical gas tank, pressure regulator, pressure vessel and pressure control valves. It was used to control the pressure of the gas gun. The pressures were varied at 5, 10, 15 and 20 bar. Varying the pressure of gas in the firing chamber will vary the bullet velocity. Fig. 3 shows the three different types of bullets used in this experiment which were blunt, hemispherical and conical. Each bullet had a different cross sectional area that will affect the impact test result. The firing mechanism unit influences the performance of the gun. It will ensure that the bullet will slide smoothly along the chamber and shoots the target specimen. Each specimen was subjected to a single impact event. The Ballistic Data Acquisition System is important to collect the data from the experiment such as impact energy and impact force. Fig. 4 . shows the requirement setup for the Ballistic Data Acquisition System. 
Results and Discussions
For each thickness, pressure and bullet types, three tests were performed to check the repeatability of the impact event. The reason for performing the repeatability test was to ensure that the impact force is behaving in a similar manner under the same impact condition. Impact force can be defined as the response force of specimens against the bullet. Penetration occurs when the bullet penetrates completely into the specimen. illustrates that the impact forces were directly proportional to gas gun pressure. As the gas pressure increases, the velocity of the bullet also increases which results in the increasing of impact force. Even though there were only slight differences of impact force for all of the type of bullets used, the blunt bullet type produces the highest value of impact force for each pressure since this type of bullet had the largest cross sectional area compared to the hemispherical and conical types. The larger the cross sectional area of the bullet, the more impact forces that can be captured by the specimen. There is no data at pressure 20 bar in Fig. 5. (a) and (b) because of the penetration that occurs at this amount of pressure.
(a) . illustrates the impact force versus thickness of the specimen for each type of bullet. It was observed that as the thickness increased, the impact force also increased because the specimens become stronger and tougher as the number of layers increases. The specimens with more layers can also absorb more impact energy. At 20 bar, there was zero value of impact force for each type of bullet because penetration occurred. Therefore, it was found that, as the thickness of the specimen increased, the impact force also increased resulting in the increase of damage area.
Summary
The work discussed throughout this paper identifies the effect of thickness and type of bullet on Glass Fibre Reinforce Polymer (GFRP) which is subjected to impact loading. From the impact tests conducted, it was found that at the same amount of pressure, the higher the thickness, the bigger the impact force because as the specimen thickness increases, the amount of impact force absorbed by the specimen is higher. Therefore, the force detected for 12 mm is higher compared to 10 mm, 8 mm and 6 mm specimens. It can be concluded that the best GFRP thicknesses are 10 mm and 12 mm because for impact tests with 20 bar of pressure, penetration did not occur.
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